The "standard urea clearance" is calculated upon the assumption that the urea excretion will vary with the square root of the urine volume, when the latter is below the augmentation limit of about two milliliters per minute. The result of the calculation gives the milliliters of blood which would be cleared were the urine volume one milliliter per minute, if the square root rule were strictly true.
The "standard urea clearance" is calculated upon the assumption that the urea excretion will vary with the square root of the urine volume, when the latter is below the augmentation limit of about two milliliters per minute. The result of the calculation gives the milliliters of blood which would be cleared were the urine volume one milliliter per minute, if the square root rule were strictly true.
M6ller, McIntosh and Van Slyke (1) derived the equation for computing the standard urea clearance as follows: " If C is the observed blood urea clearance (the cubic centimeters of blood, the urea of which is excreted in one minute) with any urine volume output, V, below the augmenta- If the square root rule should not be valid over any range of urine volumes, then the standard clearance could not be calculated from urines in that range.
Austin, Stillman and Van Slyke (2), and M6ller, McIntosh, and Van Slyke (1, 3) have shown that the square root rule does obtain over the range of ordinary urine volumes up to the augmentation limit, in both normal and nephritic individuals.
However, in the range of minimal urine volumes, i.e. below 0.4 ml. per minute, the papers of these authors contain few data. The lowest urine volume at which they measured the urea excretion was 0.21 ml. per minute. Other observations were made with minute volumes of 0.25, 0.28, 0.29, 0.30, and 0.32 ml. In all of these, the urea excretion fell below the theoretical (shown in Figure 1 as v).
Is the calculation of the standard clearance valid when the urine output is very low? The data to be presented here seem to show that it is not.
In pregnancy toxemias, acute nephritis, cardiac decompensation, fever, and other conditions, there may be marked oliguria, and the minute volume of urine will fall below the range investigated by Van Slyke and his collaborators.
Clearances calculated at such times may be grossly in error. Incompleteness of urine collection at this time will introduce a large percentage error which may be avoided by doing twenty-four hour clearances. The error due to the failure of the square root law can not be thus obviated.
METHODS
The urea clearance was determined exactly as outlined by Moller, McIntosh, and Van Slyke (1) with the exception that in many of these special cases more water was given, as will be explained below.
Van Slyke's (4) gasometric methods were used for both blood and urine urea.
The data reported were obtained from 169 cases of pregnancy toxemia and Bright's disease complicated by pregnancy. Four normal nonpregnant adults were also studied. Figure 1 , which therefore represents wholly unselected cases.
In 12 patients and 3 normals, three or more successive hourly clearances were done. These are instructive. In some cases, two closely checking clearances were obtained with urine volumes above the critical limit, while the clearance obtained with the small urine volume was much lower. In these cases, one can hardly attribute the low clearance to incomplete collection of the urine. In other cases, with two different volumes below 0.35 ml., and one above, the clearance rises with the increase in volume. In still other instances, low clearances check as calculated from similar low volumes, while a high clearance is observed above the critical volume.
Usually the higher urine volume and higher clearance were observed in the second of two or the last of three hourly clearances. This is because the patient was given extra water if the first urine volume was low. A still greater factor is that she was beginning belatedly to excrete the previously ingested water. This slow excretion of water is a well known characteristic in pregnancy toxemia. But in 36 cases, the first urine specimen had the higher volume and showed the higher clearance.
Apparently the critical urine volume is about 0.35 ml. per minute, or possibly a little higher (21 ml. per hour or more). This checks fairly well with Maddock and Coller's (6) recalculation of Lashmet and Newburgh's observations. They show that with an upper specific gravity of 1.024, there must be voided at least 605 ml. of urine in twenty-four hours if 35 grams of waste are to be excreted. When a specific gravity of 1.032 is attained, at least 473 ml. are needed. (These volumes would be 0.42 and 0.329 ml. per minute.)
The critical urine volume, below which the square root rule fails, apparently varies with the individual. Van Slyke has found a similar varia- tion in the augmentation limit. This difference may be seen in the normals A and B, Table I . By virtue of a higher urea concentration ratio, B was able to maintain a urea clearance of 100 per cent with a minute urine volume of 0.25 ml. A, with the same urine volume, showed a clearance of 54 per cent. The reason for the failure of the square root law at these low urine volumes is not merely that the urea concentration fails to increase with the decreasing volume, as postulated. As the urine volume continues to fall, the urea concentration ratio reverses its trend and now decreases. This is shown in many of the cases in Table I . DISCUSSION Calculation of the standard clearance from very small urine volumes apparently will give results considerably too low. This has been a stumbling block in several papers, particularly in those discussing renal function in pregnancy toxemia.
For instance, Dieckmann (7) has reported urea clearances of less than 39 per cent in % of ante partum toxemic multipare with no history of previous toxemia or renal disease.
This does not seem reasonable. When one sees that the blood urea nitrogen for this group was 15.4 + 0.74, he can not accept these low clearances. The difficulty is resolved when one studies Dieckrnann's Table II , Section B. The mean minute volume for the group mentioned was 0.643 ml., with a standard deviation of 0.408 ml.
Several writers have reported low urea clearances in eclampsia. Others believe that low clearances are found at the height of pregnancy toxemia. Since oliguria is very often found at the height of toxemia, one may probably attribute these findings to the oliguria and not to renal damage. The urea clearance was found by Chesley (8) to be normal in preeclampsia, eclampsia, and hypertensin. The clearances did not differ significantly from values found for normal pregnant and puerperal women. No clearance was included unless calculated from a urine volume in excess of 0.35 ml. per minute.
Many of the low standard clearances calculated in acute nephritis are probably too low, because of the oliguria. This may be true in cases showing a normal specific gravity but a low clearance. According to Fishberg (9) the scanty urine of a patient with acute nephritis may show a high or a low specific gravity. If the specific gravity be high, the oliguria is of extrarenal origin, and the kidney damage is not extensive. When the specific gravity is low with oliguria, then the renal function has been measurably impaired. Alving and Van Slyke (10) found the specific gravity test to be a more sensitive measure of kidney impairment than is the urea clearance. This, they say, is also true in acute nephritis.
SUMMARY AND CONCLUSIONS
The square root formula for calculating the standard urea clearance gives erroneously low results when the urine flow falls below a critical volume, which for adults is about 0.35 ml. per minute. When the urine collected in an hour's clearance test falls below 20 cc., the test should be discarded.
Below this critical urine volume, the U/B reverses its trend and decreases with further volume decrease.
The influence of small urine volume upon the calculated standard clearance is discussed with regard to findings in pregnancy toxemia and acute nephritis.
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